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� The increasing multimedia functions in cell-
phones and other digital consumer devices have
caused system designers to re-evaluate the
memory subsystem in these devices. The re-
quirements of increasing functionality, shrink-
ing physical size and reducing overall system
cost in consumer electronics devices can create
conflict in a system that continues to use a con-
ventional code and data storage solution. The
All-in-OneMemory solution from Silicon Stor-
age Technology (SST) resolves these conflicts by
providing system designers with an easy-to-use,
completely managed memory subsystem for
code and data storage in a single package. This
solution has taken the complexity out of hybrid
memory architectures by enabling a single-bus
memory subsystem that uses an industry stan-
dard RAM (PSRAM/SDR/DDR) host interface
to provide seamless integration to the host
processor. By re-architecting the conventional
memory subsystem, All-in-OneMemory
 addresses the cost and time-to-market needs of
system designers working on mobile and
 consumer electronics devices.

It is a highly integrated, completely managed
memory subsystem that includes code storage,
data storage, and system RAM functions, which
are managed by an intelligent built-in memo-
ry controller, in a single package and on a sin-
gle bus. This solution blends the key benefits of
NOR (fast read, random access), NAND (lower

cost, higher density), and RAM (simple bus op-
eration) into a unified architecture to enable
multiple gigabytes of execute-in-place (XIP)
code storage and a memory-mapped ATA
NAND disk (mATA) area satisfying the grow-
ing storage needs of embedded applications.

The SST solution consists of a memory con-
troller, NAND flash and random-access mem-
ory (RAM) in a single device. See figure 1 for
the block diagram. The memory controller fea-
tures embedded SuperFlash NOR blocks for
boot code, a flash file system (FFS) for NAND
flash management, NAND controller with
hardware ECC, and a cache controller for
pseudo NOR (PNOR) that emulates high-
density NOR flash. The NAND controller in-
corporates robust hardware error detection and
correction circuitry (ECC) for both MLC and
SLC NAND. The memory solution has four
memory areas (see figure 2) each selectable by
a separate chip enable input. The memory areas
are: NOR, Pseudo NOR (PNOR), RAM, and
mATA. Except for the NOR area, the size of
these memory areas is configurable by the host
software. The NAND flash is used as the non-
volatile storage media for both the PNOR and
mATA areas. The RAM is used for PNOR cache
and system RAM. The technology also offers a
three-chip enable configuration for systems that
cannot utilise the default four-chip enable
configuration.

The NOR area is directly mapped to the in-
stant-on, embedded SuperFlash NOR block in
the memory controller and offers fast boot
time. The NOR area is available for host access
immediately after power-on and is suitable for
storing boot code and any time-critical code
and data. The NOR area also offers many ad-
vanced data protection features for secure boot
and for protecting code and data content. The
data protection features in the NOR area in-
clude: OTP secure blocks, volatile block pro-
tection, non-volatile block protection, password
protection, hardware boot block protection,
and 512-byte security-ID with an OTP lock.
These advanced data protection features enable
a wide range of secure applications such as
 secure transactions and digital content
 subscription.

The expandable non-volatile PNOR area emu-
lates high-density NOR by using NAND for
non-volatile storage and RAM as cache mem-
ory (see figure 3). The NAND flash offers only
sequential access, while NOR flash offers ran-
dom execute-in-place (XIP) access. Having
RAM cache in front of NAND flash converts se-
quential access to random access, thereby em-
ulating the NOR read function. The PNOR
area, which uses NAND as non-volatile storage
media, is a cost-effective solution that offers
multiple gigabytes of linear addressable XIP
code storage suitable for storing operating
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Figure 1. Block diagram of the
various functions of All-in-
OneMemory
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 system, protocol stack, and other application
code. The PNOR can replace high-density
NOR flash in a conventional memory subsys-
tem and enables designers to take full advantage
of the rapidly dropping NAND price and the
ever-increasing densities that NAND flash of-
fers. The PNOR area uses a simple RAM type of
read/write operation that simplifies both hard-
ware and software design on the host side. For
better read/write performance, the PNOR area
supports both page and burst mode.

The size of the PNOR area and the size of the
PNOR cache are configurable by the host soft-
ware. Because the performance of PNOR area
depends on the size of PNOR cache, host soft-
ware can increase the PNOR cache size, up to
the size of the built-in RAM, to improve appli-
cation performance. The device has many
cache performance monitoring parameters
and supports different cache replacement al-
gorithms. The host software can read these
cache monitoring parameters to determine
the cache hit/miss ratio. Based on the ratio, the
host software may reconfigure the PNOR cache
size and/or may select a suitable cache replace-
ment algorithm to optimise the cache per-
formance. 

The cache controller handles on-demand pag-
ing and supports two different paging modes:
static paging mode and dynamic paging mode.
The cache coherence operations are totally
managed by the All-in-OneMemory controller
without any host intervention. In the event of
low battery power indication, system power-
down, etc, the host software may issue flush
cache commands as required. The built-in
RAM is divided into two partitions: PNOR

cache and system RAM. The size of these par-
titions is configurable by the host software. The
first partition is used as cache for the PNOR
area and the second partition is available for the
host as system RAM for storing run-time vari-
ables, stacks, queues, heaps, etc. The RAM area
is directly mapped to the system RAM partition
in the RAM and offers direct access from the
host. The RAM area also supports page mode
and burst mode for better read/write per-
formance.

The mATA area offers ATA like disk storage and
uses the standard ATA protocols. This memory
area can address up to 128 Gbytes of data stor-
age and supports only block transfers with the
minimum block size of one sector (512-byte) as
in standard ATA protocol and is suitable for
storing music, video, movie, photo, and data
files. In All-in-OneMemory, the task file registers
are memory mapped, not I/O mapped as in the
standard ATA device, hence it is named as mem-
ory-mapped ATA (mATA). By memory-map-
ping the task file registers, it is able to offer ATA
like disk storage on the standard RAM bus with-
out the need for the standard ATA interface.

The device is highly configurable with many
host configurable parameters and registers.
The host configurable parameters (PNOR area
size, PNOR cache size, etc) are stored in the non-
volatile memory registers and the default value
of these parameters is configured during man-
ufacturing at the SST factory. The host software
can reconfigure a parameter by issuing vendor-
specific ATA commands. Moreover, the same de-
vice can be targeted for different applications by
just reconfiguring the host configurable pa-
rameters and this can help to significantly re-

duce the development time and cost, and also
speed time-to-market. The device also has
many bus configuration registers that define
how it interfaces with the host bus. The host can
program the bus configuration registers to select
the asynchronous or synchronous mode of
operation, access latency, WAIT output polari-
ty, WAIT configuration, burst length, etc.

The device is highly scalable and offers the same
interface and ball footprint for different densi-
ties. This makes moving from a lower density
device to a higher density device (and vice
versa) easier on the same footprint without the
need for any hardware change. The device is
highly integrated and is fully tested and quali-
fied. This helps to reduce the test time and test
cost at the system level. �
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Figure 2. All-in-OneMemory host memory map Figure 3. PNOR block diagram of the memory solution


